SUMMARY Fasting blood samples taken from 116 apparently healthy men aged 30-50 years were assayed for selenium, glutathione peroxidase activity, vitamin E, cadmium, lead, glucose, lipids, and albumin. Blood pressure was measured in each subject, and details of height, weight, smoking habits, and alcohol consumption were recorded.
A number of studies have suggested that hyperlipidaemia, hypertension, obesity, diabetes, and cigarette smoking may be possible risk factors in the aetiology of coronary heart disease. '-3 Although risk factor intervention trials have not been conclusive,4 there seems to be general agreement on the relation between cigarette smoking and coronary heart disease, together with the improved prognosis that follows cessation of smoking.5
The trace elements lead and cadmium have also been implicated in heart disease.67 It has been suggested that the higher incidence of cardiovascular mortality in soft water areas may be due to the increased lead concentrations found in many soft waters.8 Shaper et al8 have shown a strong association between blood lead concentrations, alcohol consumption, and cigarette smoking. Blood cadmium concentrations are higher in cigarette smokers than in non-smokers,9 but the evidence linking blood cadmium to hypertension in man is equivocal. ' "1 A pressor effect of cadmium in drinkAccepted for publication 7 November 1983 ing water fed to rats has been reported. This effect was reversed by the addition to the drinking water of another trace element, selenium. '2 Recently there has been growing interest in the role of selenium in relation to coronary heart disease. The effects of selenium deficiency in animals have been well documented. For example, rats and lambs fed selenium deficient diets developed abnormal electrocardiograms accompanied by blood pressure changes, '3'4 and young pigs fed a semisynthetic diet deficient in selenium and vitamin E developed a cardiomyopathy, which was clearly shown by histological techniques. '5 Epidemiological studies have shown an inverse relation between selenium and mortality due to heart disease. '6 A report from the People's Republic of China suggests the importance of sodium selenite in the prevention and treatment of Keshan's disease, a fatal cardiomyopathy affecting mainly children and pregnant women.'7 Salonen et al'8 showed a significant relation between the concentration of selenium in serum and cardiovascular death and myocardial infarction, and Oster et al '9 suggested that a deficiency of selenium may be present in a 200
Selenium and vitamin E in relation to risk factors for coronary heart disease number of patients with cardiomyopathy.
In a recent study we found that the concentration of selenium in whole blood and plasma was significantly lower in male cigarette smokers over 30 years of age compared with non-smoking controls of a similar age. 20 The activity of glutathione peroxidase, a selenoenzyme, was also lower in the cigarette smokers. This enzyme is responsible for the removal of hydrogen peroxide and other organic hydroperoxides formed during cellular oxidative metabolism. Glutathione peroxidase has a close metabolic relation with vitamin E, another important antioxidant. This fat soluble vitamin, present in cellular and subcellular membranes, provides a defence against peroxidation of vital phospholipids. The biochemical actions of vitamin E and glutathione peroxidase are therefore concerned with the prevention of peroxidative damage to cells and subcellular elements. 2' The main aim of this study was to examine the concentrations of selenium and vitamin E in blood samples from a group of healthy men, between 30 and 50 years of age, in relation to other accepted risk factors for coronary heart disease.
Subjects and methods

SUBJECTS
A total of 123 apparently healthy men between 30 and 50 years of age participated in the study. Of these volunteers, 94 were hospital employees and the remaining 29 were employed by a local firm. The subjects were asked to complete a questionnaire8 which included details of their occupation, height, and weight, as yell as alcohol consumption and smoking habits. In addition, the subjects were asked about recent medication and major illnesses; full details are given in and five had triglyceride concentrations greater than which was higher in the older age group (mean 5 07 3 0 mmol/l. In this group three men had total choles-mmol/l, SD 0-494) compared with the younger terol concentrations greater than 8-0 mmol/l. A group (mean 4-86 mmol/l, SD 0-423), p ' : 0 05, and further group of five men also had total cholesterol serum albumin, which was lower in the older age concentrations greater than 8-0 mmol/l. As this group (mean 43*8 g/l, SD 3-92) compared with t: proportion of abnormal lipid results was similar to younger group (mean 45-5 g/l, SD 3.14), p < 0-02. the findings of other workers also studying an There were fewer manual workers (21-5%) than apparently healthy population,3435 all the subjects non-manual workers (78-5%), and a higher proporwere included in the study. None of the subjects was tion of the manual workers admitted to smoking hypertensive. than the non-manual workers. No significant differTo test the homogeneity of the sample population ences were found in the parameters for the two the subjects were divided into groups according to groups. Similarly, significant differences were not age, then occupation, and finally place of employ-found between the parameters for the subjects from Table 3 , together with the nine men admitted to smoking more than 20 cigaret-results for the obesity index and the blood pressure tes a day all the cigarette smokers were combined measurements for each group. Haemoglobin and into one group. Alcohol consumption was divided triglyceride concentrations were significantly higher into three categories; occasional and non-drinkers, in the cigarette smokers compared with the nonweekend drinkers, and daily drinkers. Only four smokers but were not significantly different for the men who drank alcohol daily admitted to consuming pipe and cigar smokers when compared with either The effect of cigarette smoking on glutathione peroxidase activity and concentrations of selenium, cadmium and lead is shown in Table 4 . The plasma and whole blood selenium concentrations were significantly lower in the cigarette smokers compared with the non-smokers, whereas the concentrations of lead and cadmium were significantly higher in the cigarette smokers. These differences had an appreciable effect on the selenium:cadmium and selenium:lead ratios. The concentrations of each element in the cigar and pipe smoking group fell between those of the non-smokers and cigarette smokers, but these differences were not statistically significant. There appeared to be no difference in the vitamin E concentrations for any of the smoking groups. Tables 5 and 6 show the effect of classifying the non-smokers and cigarette smokers according to their alcohol consumption. Glutathione peroxidase activity and serum and blood selenium concentrations were lower in the cigarette smokers compared with the non-smokers, but no significant differences were found between the non-drinking cigarette smokers and the smokers who drank alcohol daily. Similarly, no significant differences were found between the non-drinkers and the daily drinkers in the non-smoking group. The concentrations of cadmium and serum triglyceride were higher in the cigarette smoking groups, whereas daily alcohol consumption seemed to have a greater effect on the concentration of lead in blood. The independent effects of cigarette smoking and alcohol consumption on the results were confirmed by analysis of variance. No significant differences were found for blood pressure, obesity index, total cholesterol, albumin, glucose, or vitamin E.
The possibility existed that cadmium and lead might have had an effect on blood selenium concentration. Analysis of covariance, however, showed that neither cadmium nor lead had a significant effect on blood selenium concentrations. The data were examined for possible associations between selenium concentration, vitamin E, and the cardiovascular risk factors. Glutathione peroxidase was not associated with any of the risk factors (apart from smoking); however, both whole blood and serum selenium concentrations showed a weak negative association with blood cadmium concentrations (r = -0-24, p = 0-01). Vitamin E showed a strong association with total cholesterol (r = 0-67, p < 0-001) and to a lesser extent with serum triglyceride (r = 0-44, p < 0-001). There was also a weak correlation between vitamin E and plasma selenium concentration (r = 0-32, p < 0-001).
Ellis, Lloyd, Lloyd, Clayton Discussion All the men included in the study presented as apparently healthy subjects without a history of diabetes, hypertension, or heart disease. Blood lipid concentrations above the accepted reference ranges were found in 23 subjects. Several other workers have reported similar abnormal lipids in an apparently healthy population,34 35 and we therefore included all 116 subjects as they seemed to be representative of a "normal" population.
The age group for the study was limited to 30-50 years to minimise changes in the parameters which might be due to age alone. Only plasma glucose, which was higher in the older age group, and serum albumin, which was lower, showed significant differences between the two groups. The mean concentrations of both serum triglyceride and total cholesterol were higher in the older age group, but the differences were not significant.
The metabolic changes due to smoking and alcohol consumption have been reviewed elsewhere.36 Previous workers have reported an association between alcohol consumption and high density lipoprotein cholesterol,37 a finding confirmed in this study. The mean concentration of high density lipoprotein cholesterol was 1-12 mmol/l for the non-drinkers (SD 0-276, n = 23) compared with 1-33 mmolI for the daily drinkers (SD 0-326, n = 52), p < 0*01.
Although only nine men admitted to smoking more than 20 cigarettes a day, we found the expected increase in haemoglobin and triglyceride concentrations in the smoking group.37 Significant increases in the concentrations of cadmium and lead were also found in the smokers, as well as a decrease in selenium concentration. Multivariate analysis of the data showed that the decrease in selenium and the increase in cadmium in the cigarette smokers was independent of alcohol consumption. The results for all the factors measured in this study were consistent with the expected results from an apparently healthy group of men aged 30-50 years. We were unable to show an association between selenium concentration and the risk factors for cardiovascular disease with the exception of cigarette smoking, but a similar association was not seen with vitamin E. None of the subjects studied were selenium deficient; nevertheless, the blood selenium concentrations in the cigarette smokers were significantly lower than in the non-smokers. If, as many reports now suggest, selenium and vitamin E are protective elements against coronary heart disease, then an explanation of the effect of smoking on selenium concentrationwould be useful in understanding the aetiology of coronary heart disease.
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